The simple gas ethylene affects numerous physiological processes in the growth and development of higher plants. With 
The simple gas ethylene (C2H4) serves as a plant hormone with profound effects on plant growth and development (reviewed in ref. 1) . The The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. 4129 change in response to ethylene, and a number of ethyleneinduced genes have been cloned (1) . Regarding transduction of the signal, it is known that protein phosphorylation (4) and calcium (5) (13) based on the "triple response" of dark-grown, ethylene-treated seedlings which was first described in pea nearly a century ago (14) . In Arabidopsis, the triple response consists of inhibition of hypocotyl and root elongation, radial swelling of the hypocotyl, and retention and accentuation of the apical hook (7, 8) . The purpose of these dramatic physical changes might be to facilitate soil penetration (15) . The altered form conceivably improves the lifting capacity of the shoot while protecting the delicate shoot apex. Ethylene is produced by germinating seedlings in response to physical impedance, which is a condition met during emergence from the soil (15) . In the laboratory, tens of thousands of germinating Arabidopsis seeds in a single Petri dish can be exposed to exogenous ethylene and then screened for lack of the triple response. A number of mutants that fail to respond to ethylene have been isolated by this method (7, 8, 11, 12) . In addition, by screening in the absence of ethylene for presence of the triple response, mutants that either constitutively respond to ethylene (10) or overproduce ethylene (8, 10 ) have been obtained.
The genes responsible for two of these mutants, etrl (9) and ctrl (10) , were recently cloned. The DNA sequences of these genes hint at the involvement of certain molecular events in ethylene perception and signal transduction. We present here our current understanding of those events and our current hypotheses.
The ETRI Gene
There are four known mutant alleles of the ETR1 locus in Arabidopsis (7) (8) (9) (18) (19) (20) . In addition, less conserved sequence similarities have been noted in plant phytochrome (21) and rat branched-chain a-ketoacid dehydrogenase kinase (22) .
In prokaryotes, the protein domains coding for sensors and response regulators are arranged in a variety of configurations (16) . For (Fig. 2) . Other than ETR1, the twocomponent homologs known to date in eukaryotes are the S. cerevisiae genes SLN1 (18) , SSK1 (19) , and SKN7 (20) . The deduced SLN1 protein, like ETR1, consists of a novel aminoterminal domain followed by both a putative histidine protein kinase domain and a putative receiver domain. The aminoterminal domain of SLN1, which is flanked by two potential transmembrane domains, is larger than the amino-terminal domain of ETR1. The two domains share no sequence similarity. SSKI and SKN7 do not encode sensor components, but they do encode putative response regulators. Both of the deduced SSK1 and SKN7 proteins are comprised of a novel amino-terminal "output" domain followed by a typical receiver domain. The function of SKN7 has not been determined (20) .
Mutants of SLN1 have a lethal phenotype that can be suppressed by mutations in other genes. An analysis of extragenic slnl suppressors has led to the association of SLN1 with SSK1 and an osmolarity response pathway in yeast (19 (19) . PBS2 (29) and HOG1 (30) encode a MAP kinase kinase and a MAP kinase, respectively. In addition, PBS2 and HOGI are known to regulate glycerol synthesis in response to high osmolarity (30) . This regulation was shown to be dependent on SSK1 (19) .
The picture of the yeast osmolarity response pathway is quite similar to that emerging for the ethylene response pathway in plants. Both involve similar two-component homologs and contain components of MAP kinase cascades (Fig. 2) . Interestingly, two mammalian homologs of HOG1 were recently cloned, and they are both involved in osmolarity responses in mammalian cells (31, 32) .
Genetic Basis of ETR1 Function
Basis for Dominance. A complete understanding of a gene's function requires knowledge of the phenotype when the gene product is absent. For the ETR1 gene, the loss of function phenotype remains undetermined because all known mutant alleles are dominant and are missense mutations. It is possible, nonetheless, to gain some understanding of ETR1 function by examining the basis for the dominance of the mutant alleles. There are two hypotheses for why etrl mutant alleles are dominant. The mutant ETR1 proteins may be constitutively active or may be participating in dominant interference.
In the bacterial two-component system, there is evidence that the amnino-terminal signal-sensing domain acts oppositely with the histidine protein kinase domain (16) . That is, the on state of one domain is coupled with the off state in the other, and vice versa. Based on this idea, mutant ETR1 proteins could be constitutively active if the missense mutations (which lie within the amino-terminal domain) do not permit the amino-terminal domain to be turned on due to a failure to recognize ethylene or otherwise function appropriately. In this situation, the catalytic domain would be constitutively on. Alternatively, the missense mutations may alter steric constraints, locking the catalytic domain into an on state regardless of ethylene recognition. Fig. 3 (1995) alleles carries a missense mutation in this domain, and when one of these mutations was introduced into one of the homologs, the homolog conferred dominant ethylene insensitivity to wild-type Arabidopsis plants.
The two-component system may prove to be as widely utilized in plants as in prokaryotes. Alternatively, ethylene signaling in plants may be a rare example. It will be interesting to see whether the two-component gene family extends into animals or whether the two-component system is limited to bacteria, fungi, and plants.
